Fat is one of the major ingredients in baked goods. In particular, shortening (partially hydrogenated oil) has been used widely in various segments of the baking industry because of its many benefits such as easy handling, higher melting point, and extended shelf-life. Since the publication of several reports on the toxicity of trans-fat (Salmerón et al 2001; Morris et al 2003; and Hunter 2006) , consumer health concerns related to the consumption of trans-fat have increased. As a result, many countries including the U.S. in 2006, have mandated the labeling of trans-fat in products, and most segments of the baking industry have switched from trans-fat to zero-trans-fat in baked goods (TarragoTrani et al 2006).
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For cookie production, both plastic shortenings and emulsified liquid shortenings are utilized to trap and hold air incorporated during the cream-up stage of dough mixing and to provide sensory attributes associated with sweet goods. Cookies formulated with increasing levels of shortening (25-35 baker's %) and 60 baker's % sugar resulted in dull and soft appearance and inferior top grain (Finney et al 1950) . Abboud et al (1985) studied the effect of fat on sugar-snap cookie spread using three different shortenings and reported that the type of fat did not affect cookie spread but the amount of fat did. More recently, Jacob and Leelavathi (2007) also evaluated sugar-snap cookies formulated with different fats (sunflower oil, bakery fat, margarine, and nonemulsified hydrogenated fat). They found that the cookies made with sunflower oil showed greater spread, with earlier start of spread and a longer period of spread, whereas cookies made with nonemulsified hydrogenated fat showed the least spread.
Cookie baking analysis is often used for evaluating the baking quality of soft wheat flour. Although traditional sugar-snap cookie baking methods (Approved Methods 10-50D and 10-52) (AACC International 2010) have been used for most previously published studies on cookie baking (Curley and Hoseney 1984; Doescher and Hoseney 1985; Doescher et al 1987a,b; Jacob and Leelavathi 2007) , wire-cut cookie baking methods (Approved Methods 10-53 and 10-54) have been implemented more recently as useful methods (AACC International 2010). Among the AACC Approved cookie baking methods, micromethods (10-52 and 10-54) are preferred for evaluating wheat breeding samples because of limited amounts of sample flours. Recently, Approved Method 10-52 microsugar-snap cookie method was revised and updated (Bettge and Kweon 2009 ) to use constant water and sugar levels, regardless of flour protein content. The AACC sugar-snap and wire-cut cookie formulas differ with respect to sugar concentration (% S) and total solvent (TS). As shown in Table I , the sugar-snap cookie formula contains 73% S and 82 TS, while the wire-cut cookie formula contains 66% S and 64 TS. Both baking methods were originally developed with trans-fat shortening. In routine commercial cookie baking development work, the functionality of shortenings must be compared and contrasted before switching from trans-fat to zero-trans-fat shortening in a formula. The purpose of the present study was to evaluate the effects of trans-fat and zero-trans-fat shortenings on cookie baking performance using micro-sugarsnap and micro-wire-cut cookie baking methods.
MATERIALS AND METHODS

Materials
Eighteen soft wheat samples grown at four locations (OH, VA, IN, MO) in the eastern U.S. were obtained. These wheats (7.8-14.3% moisture) were tempered to 14% moisture before milling to produce straight-grade flour on a Miag Multomat mill. The 18 flours (12.5-14.0% moisture) were used for solvent retention capacity (SRC) analysis and cookie baking. Trans-fat shortening (Master Chef, Cargill) and zero-trans-fat shortening (Clear Valley, Cargill) were used for cookie baking. Also, baker's special sugar (Domino) was used for sugar-snap cookie baking, while fine granulated sugar (Domino) was used for wire-cut cookie baking. All other chemicals were reagent-grade.
SRC of Flours
All flour samples were analyzed using SRC testing. SRC tests with four solvents were done according to Approved Method 56-11 (AACC International 2010). Flour samples (5 g) were suspended in 25 g of deionized water, 5% (w/w) lactic acid, 5% (w/w) sodium carbonate, and 50% (w/w) sucrose, and hydrated for 20 min, with shaking at 5-min intervals. The hydrated flour slurries were centrifuged at 1,000 × g for 15 min, and the supernatants were drained. Each wet pellet was weighed, and the SRC value (%) for each sample was calculated according to Approved Method 56-11.
Cookie Baking
Baking test used Approved Method 10-52 revised micro-sugarsnap cookie baking and Approved Method 10-54 micro-wire-cut cookie baking (AACC International 2010). The ingredients and formulas for these two methods are shown in Table I . Dough mixing and baking were conducted in duplicate.
Each duplicate dough was divided into two 60-g portions and sheeted in a single pass to a height of 0.7 cm using a rolling pin. Each cookie dough piece was cut with a round cutter (6.0 cm diameter). Before placing the baking sheet in the oven, the weight of the baking sheet and the two round cookie dough pieces was recorded. Dough weights were 51-54 g for two pieces. The cookies were baked for 10 or 11 min at 400°F in a reel-type oven (National Manufacturing, Omaha, NE) for sugar-snap and wire-cut cookies, respectively. After baking, the baking sheet was removed from the oven and the weight of the baked cookies and baking sheet was recorded immediately. The difference in weights was used to calculate moisture loss as weight loss during baking. The baked cookies were cooled for 3 hr, and then height and diameter of the cookies were measured.
Statistical Analyses
Differences between fat types in cookie diameter, height, and weight loss during baking with each cookie baking method were analyzed for one-way ANOVA using Statistica 6.1 for Windows PC (StatSoft, Tulsa, OK).
RESULTS
SRC
Results for the 18 flour samples (Table II) showed wide ranges for the SRC values in the four solvents: 45.6-56.5% water SRC; 72.9-110.7% lactic acid SRC; 63.1-79.8% sodium carbonate SRC; and 81.8-108.1% sucrose SRC. These SRC values covered ranges for both good quality and poor quality soft wheat flours for cookies, thus confirming our selection of a good set of flour samples. Flours with lower water SRC (related to lower overall water absorption), lower sodium carbonate SRC (related to lower damaged starch), and lower sucrose SRC (related to lower contribution from solvent-accessible arabinoxylans) are desirable for production of good quality cookies (Slade and Levine 1994) . Lactic acid SRC, related to gluten strength, is not critical to cookie quality because a high concentration of sugar in a typical cookie formula prevents gluten development during dough mixing (Slade et al 1993) . Based on the flour SRC results in Table II, Hopewell  (sample 7) , VA01W-205 (sample 9), Coral (sample 13), Ambassador (sample 14), Amber (sample 15), D8006W (sample 16), MO 11126 (sample 17), and Bess (sample 18) were expected to be desirable cultivars for producing better quality cookies. In contrast, Pioneer XW 06M (sample 1), Pur 02444A1-23-9 (sample 2), Pur 99600A2-4-32 (sample 5), W 1377 (sample 6), USG 3209 (sample 8), VA03W-409 (sample 10), VA03W-434 (sample 11), and Envoy (sample 12) flour samples were expected to produce poor quality cookies. Many previous publications have confirmed the expected correlations between flour SRC values and cookiequality attributes (Guttieri et al 2001 (Guttieri et al , 2002 (Guttieri et al , 2004 e Total formula water is 8.7 g for sugar-snap cookie, 8.8 g for wire-cut cookie, based on 40 g flour, at 14% water content, for sugar-snap cookie, and at 13% water content, for wire-cut cookie. f Total solvent (TS), calculated as the sum of sugar weight and total formula water weight, based on 100 g of flour. g % S, calculated as sugar weight divided by the total solvent weight, based on 100 g of flour. h % Fat/(flour+sugar), calculated as fat weight divided by the sum of flour and sugar weight, based on 100 g of flour. either for all four solvents or for one or two particular solvents were negatively correlated with cookie diameter and spread ratio for sugar-snap cookies.
Cookie Baking
The higher total solvent content in sugar-snap cookie formula contributes to increased creep of dough during baking, resulting in larger cookie diameter, and the higher sugar concentration contributes to an increased extent of collapse during baking, resulting in smaller cookie height, compared to corresponding results for wire-cut cookie baking. In addition, the smaller sugar particles used for sugar-snap cookies dissolve faster during dough mixing and baking, resulting in larger cookie diameter and smaller cookie height (Slade et al 1993; Slade and Levine 1994) . Our results for cookie diameter, height, and weight loss during baking are shown in Fig. 1 . As expected, cookies from the sugar-snap baking method showed larger diameters (8.67-9.61 cm), smaller heights (0.56-0.86 cm), and greater weight loss during baking (14.4-16.1%) than those from the wire-cut baking method (cookie diameter 7.26-8.23 cm; height 0.96-1.31 cm; weight loss during baking 11.2-14.2%). Also as expected, based on SRC results, flour samples 7, 9, 13, 14, 15, 16, 17, and 18, which had lower water, sodium carbonate, and sucrose SRC values, yielded relatively larger cookie diameter, smaller height, and greater weight loss during baking, for both cookie-baking methods and both types of shortening. In contrast, flour samples 1, 2, 5, 6, 8, 10, 11, and 12, which had higher water, sodium carbonate, and sucrose SRC values, showed opposite trends of relatively smaller cookie diameter, larger height, and less weight loss during baking. Among the four solvents, water, sodium carbonate, and sucrose SRC values showed a significant negative correlation (P < 0.05) with cookie diameter and weight loss during baking, and a significant positive correlation with cookie height. Lactic acid SRC values did not show any significant correlation with those cookie characteristics.
With regard to the effect of fat type on the two cookie baking methods, obvious trends were observed when comparing corresponding pairs of samples that were baked with trans-fat and zero-trans-fat using the wire-cut method (Table III, Fig. 1 ). Wirecut cookies baked with zero-trans-fat shortening were significantly different in cookie diameter, height, and weight loss during baking from those baked with trans-fat shortening. In contrast, sugarsnap cookies baked with trans-fat shortening were not significantly different in cookie diameter, height, or weight loss during baking from those baked with zero-trans-fat shortening. In the wire-cut cookie baking method, cookies baked with zero-trans-fat shortening produced larger diameters, smaller heights, and greater weight loss during baking than those baked with trans-fat shortening. ANOVA revealed that the difference in cookie height (P < 0.001) a Sum of squares (SS) and mean squares (MS). b * ** ***, Significant at P < 0.05, 0.01, and 0.001, respectively.
Fig. 1.
Cookie diameter, height, and weight loss during baking for sugar-snap (SS) and wire-cut (WC) cookies formulated with trans-fat ( ) and zerotrans-fat (") shortenings: A-1, cookie diameter for SS cookies; A-2, cookie height for SS cookies; A-3, weight loss during baking for SS cookies; B-1, cookie diameter for WC cookies; B-2, cookie height for WC cookies; B-3, weight loss during baking for WC cookies.
was much more significant than differences in cookie diameter and weight loss during baking (P < 0.05 and 0.01) (Table III) . To explore interactions between flour cultivar and fat type, Spearman's rank-order correlation coefficients were calculated. Sugar-snap cookies made with trans-fat and zero-trans-fat shortenings yielded r = 0.95, 0.98, and 0.65 for cookie diameter, height, and weight loss during baking, respectively. Wire-cut cookies made with trans-fat and zero-trans-fat shortenings yielded r = 0.94, 0.71, and 0.71 for cookie diameter, height, and weight loss during baking, respectively. These correlation coefficients indicated no significant interaction between cultivar and fat type. In other words, for cookies baked with the 18 flour samples, using both fat types, flours producing larger cookie diameter, smaller height, and greater weight loss during baking, with trans-fat shortening, showed the same trends for cookies made with zero-trans-fat shortening. Relative cookie diameters and heights, for cookies made with both fat types, were ranked similarly. Results for weight loss during baking were relatively lower rank-ordered because of greater variations in our weighings of hot cookie and baking sheet.
The higher sugar concentration (73% S) and higher total solvent (82 TS) in the sugar-snap cookie formula might predominate in controlling cookie geometry, compared with fat type. The sugarsnap cookie formula contains less fat, which results in a lower percentage (18.8%) for the ratio of fat to flour plus sugar, compared to that for the wire-cut formula (28.2%) ( Table I) . Although trans-fat and zero-trans-fat shortenings differ in their capacity for air incorporation, the predominance of the higher sugar concentration and higher total solvent in the sugar-snap cookie formula are likely to mask the smaller effects of trans-fat and zero-transfat shortenings on cookie geometry. In comparison to sugar-snap cookies, the relatively lower sugar concentration (66% S) and lower total solvent (64 TS), as well as the relatively higher fat percentage, in the wire-cut cookie formula allow one to observe the different responses in cookie baking with trans-fat and zero-transfat shortenings. Gaines et al (1992) studied wire-cut and sugar-snap cookie baking, and concluded that wire-cut cookies were more influenced by flour protein content and mixing strength, which correlated positively with cookie textural hardness. But sugar-snap cookies were not influenced by flour protein content, and sucrose's transition to a glassy solid-state masked any textural differences resulting from differences in cookie geometry. Slade and Levine (1994) suggested that the wire-cut cookie system is more useful, revealing, and discerning than the sugar-snap cookie formula for investigating contributions of flour functionality to cookie quality.
Of the two baking methods used in the present study, wire-cut cookie baking showed a much more sensitive response to changing ingredients, compared with sugar-snap cookie baking. In other words, the wire-cut method is more capable of discriminating between different flours, as they respond to the operating environment of the cookie dough, and it is more capable of demonstrating the effects of contributions of nonflour ingredients to that environment. In this discriminating capability, the wire-cut method is more sensitive. This greater sensitivity does not refer to being less robust or more likely to induce experimental error (Slade and Levine 1994) . Our overall results thus confirmed that wire-cut cookie baking is a better diagnostic tool for use in evaluating ingredient changes in cookie formulas. When the wire-cut cookiebaking method is used for analyzing the cookie-baking quality of soft wheat flours, and in particular, for comparing the baking performance of a comprehensive set of flour samples, use of consistent ingredients and procedures is also necessary to obtain reliable results.
CONCLUSIONS
The effect of trans-fat and zero-trans-fat shortenings on cookiebaking performance was evaluated using the two AACC micro cookie baking methods. Regardless of fat type, sugar-snap cookies made with a given flour were larger in diameter, smaller in height, and greater in weight loss during baking than were corresponding wire-cut cookies. Differences in fat type (trans-fat vs. zero-trans-fat) did not significantly affect the geometry of sugarsnap cookies, but did affect that for wire-cut cookies. In the wirecut cookie baking method, cookies with zero-trans-fat shortening produced larger diameters, smaller heights, and greater weight loss during baking than did those made with trans-fat shortening. Of the two baking methods, wire-cut cookie baking showed a much more sensitive response to this ingredient change, compared to sugar-snap cookie baking. Our overall results demonstrate that wire-cut cookie baking is a better diagnostic tool for use in evaluating such ingredient changes in cookie formulas.
